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Abstract. The Early Pliocene site of  Layna (MN15, ca 3.9 Ma) is renowned for its record of  several mammalian 
taxa, among which the raccoon-dog Nyctereutes donnezani. Since the early description of  this sample, new fossils of  
raccoon-dogs have been discovered, including a nearly complete cranium. The analysis and revision here proposed, 
with new diagnoses for the identified taxa, confirm the attribution of  the majority of  the material to the primitive 
taxon N. donnezani, enriching and clarifying our knowledge of  the cranial and postcranial morphological variability of  
this species. Nevertheless, the analysis also reveals the presence in Layna of  some specimens with strong morpholo-
gical affinity to the derived N. megamastoides. The occurrence of  such a derived taxon in a rather old site, has critical 
implications for the evolutionary history and dispersal pattern of  these small canids. For instance, it reconciles the 
Western European and Asian records. Formerly, it was commonly thought that the evolutionary pattern of  Early Plio-
cene raccoon-dogs in Europe was substantially different from the Asian one, where the advanced N. sinensis and the 
primitive N. tingi apparently coexisted in the same sites ; conversely, Europe was characterized by the occurrence of  
the single species N. donnezani. Our recognition of  a derived taxon in the MN15 zone suggests the existence of  similar 
ecological dynamics at the two extremes of  the paleobiogeographic range of  the genus (i.e., across the entire Eurasia).
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IntroductIon
The Western European record of  the genus 
Nyctereutes is renowned since the first half  of  the 
XIX Century. Indeed, raccoon-dogs represent im-
portant elements of  Eurasian fossil faunas from the 
late Ruscinian up to the middle-late Villafranchian, 
as evidenced by the discoveries in several localities. 
Although nowadays the genus is composed of  a sin-
gle species, Nyctereutes procyonoides (Gray, 1834), up to 
ten fossil species have been described, and three of  
them come from Western Europe. The earliest tax-
on in Eurasia is Nyctereutes tingi Tedford & Qiu, 1991 
from the Early Pliocene of  the Yushe Basin (China). 
From the same area another species comes, that is 
Nyctereutes sinensis (Schlosser, 1903), which possess-
es peculiar features compared to the previous taxon 
(e.g., prominent subangular lobe, larger angular pro-
cess). The extant raccoon-dog is an opportunistic 
feeder that possesses several cranial and dentognat-
ic specialization to a diet composed of  a great vari-
ety of  food items (Ward & Wurster-Hill 1991). Its 
main adaptations lie in numerous cranial and den-
tognatic features that improve the efficiency in the 
chewing process while feeding; among them, the 
development of  the subangular lobe, the enlarge-
ment of  the angular process, and the morphology 
of  the upper molars. These features characterize 
raccoon-dogs throughout their evolutionary history 
and are particularly evident in the extant N. procy-
onoides. Soria & Aguirre (1976) were among the first 
to study critically fossil raccoon-dogs considering 
their complete record, taking into account the in-
terspecific and intraspecific variability and the prin-
cipal features of  the fossil and of  the extant species 
of  the genus. They acknowledged the peculiarity of  
N. procyonoides and identified in certain mandibular 
and dental characters (i.e., depth of  mandible cor-
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pus; morphology of  the angular region; inclination 
of  the ascending ramus; the premolars and molars 
morphology) the key features for the evolutionary 
differentiation of  raccoon-dogs. Specifically, Soria 
& Aguirre (1976) outlined the first pattern of  mor-
phological affinity and relation between the species 
of  Nyctereutes. This was achieved thanks to the rec-
ognition of  “primitive” taxa (with e.g., poorly devel-
oped subangular lobe and elongated and buccolin-
gually narrow premolars) and of  “derived” taxa (in 
which e.g., there is a marked development of  the 
subangular lobe and stouter premolars) that resem-
ble the extant N. procyonoides (Soria & Aguirre 1976). 
Since this pivotal work, in the scientific literature 
on Nyctereutes, this terminology was used by several 
scholars to discuss the morphological set of  fea-
tures a fossil raccoon-dog possessed (Ficcarelli et al. 
1984; Tedford & Qiu 1991; Argant 2004; Monguil-
lon et al. 2004), with no explicit reference to the 
phylogenetic relationship of  a taxon. In this work, 
the terminology follows the same intent: express 
the degree development of  the set of  morpho-
logical features, without implying any evolutionary 
inference. In this terms, N. tingi can be considered 
a rather primitive taxon, for the absence and/or 
incipient development of  these characters (as also 
noted by Tedford & Qiu 1991), whereas N. sinensis 
is rather derived, resembling the morphologies of  
the living raccoon-dog.
On the other side of  Eurasia, the oldest form 
described in Western Europe is Nyctereutes donneza-
ni (Depéret, 1890), first discovered in Perpignan 
(France) and then reported in other localities such 
as La Gloria 4 (Spain; Alcalá-Martínez 1994). These 
sites are referred to the Early Pliocene, MN14-15 
(around 4 Ma) (Domingo et al. 2013; Clauzon et 
al. 2015). Since its first description, N. donnezani has 
been regarded as a primitive species, for the mor-
phological similarities with the early and roughly co-
eval N. tingi. Around 3 Ma Nyctereutes megamastoides 
(Pomel, 1842) appeared in Europe, where its earliest 
record is in Italy (Bartolini Lucenti 2017). The species 
soon spread all over Europe, from Spain (Morales 
2016) to Greece (Koufos 2014) and Georgia (Rook 
et al. 2017). Commonly, the origin of  this Eurasian 
species has been related to the primitive N. donneza-
ni from which anagenetically N. megamastoides would 
have evolved (Soria & Aguirre 1976). The strongly 
derived morphology of  the latter taxon (e.g., devel-
opment of  a large  subangular lobe and the deep 
angular process) resembles that of  N. sinensis and N. 
procyonoides. For this reason, several authors (e.g., So-
ria & Aguirre 1976; Tedford & Qiu 1991) deemed 
plausible the hypothesis that N. sinensis and N. 
megamastoides might represent a single species with a 
very wide paleobiogeographic range. Nevertheless, 
beyond similarities, there are several features that 
differentiate N. megamastoides from the Chinese spe-
cies (Rook et al. 2017). The N. megamastoides sample 
from the French site of  St. Vallier, firstly described 
by Viret (1954), was later referred to the subspe-
cies, namely Nyctereutes megamastoides vulpinus Soria 
& Aguirre, 1976, on the basis of  some differenc-
es (i.e., relatively longer upper and lower premolars 
and lower carnassial and reduced m2) with the typ-
ical morphology of  N. megamastoides. More recently, 
Monguillon et al. (2004) reviewed the material of  
raccoon-dog of  St. Vallier. These authors deemed 
the difference with the species N. megamastoides too 
important to be regarded as intraspecific variability 
and elevated the taxon to the rank of  species, i.e. 
N. vulpinus, an attribution also followed in recent 
papers (e.g., Geraads et al. 2010; Rook et al. 2017; 
Bartolini Lucenti 2018).
Soria & Aguirre (1976) first described the 
Nyctereutes sample from Layna and attributed it to N. 
donnezani. Here, we describe new raccoon-dog mate-
rial (among which a nearly complete cranium) from 
the same site and report the first diagnoses for both 
N. donnezani and N. megamastoides. Furthermore, we 
discuss the Layna record in the framework of  the 
evolutionary history of  Nyctereutes in Eurasia and of  
the most recent studies of  this group of  canids.
GeoloGIcal settInG
The karstic site of  Layna (Soria Province, 
Spain) is located in the NW area of  the Castillian 
Range (Iberian Chain), near the homonymous vil-
lage (Fig. 1). It was the first Spanish paleontological 
site declared as a National Paleontological Reserve. 
The fossils occur in a karstic deposit developed in 
the lower Lias unit known as the Carniolas Forma-
tion that in the studied area, is superposed on the 
erosional surface of  the so-called Parameras de Mo-
lina (Aguirre et al. 1974). The richness and diversi-
ty of  the vertebrate fauna, most particularly of  the 
small mammal species, are one of  the most remarka-
ble of  the Spanish paleontological record. Although 
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there are many different types of  sedimentary in-
fillings, the recorded faunal remains, in the present 
state of  our knowledge, seem to be homogeneous. 
The age of  the site, based on the rodent remains, is 
Ruscinian (MN15; Early Pliocene) (López-Martínez 
1989; Sesé 2006). Preliminary magnetostratigraph-
ic studies suggested a normal polarity within the 
Gauss Chron (Hoyos et al. 1987). More recently, 
other interpretations of  the faunal assemblage has 
yielded an early age of  3.91 Ma (Domingo et al. 
2007, 2013). A further important point about Layna 
is that it preserves evidence of  occupation not only 
by predatory birds but also by hyenas. This allows 
taphonomic interpretations of  great interest (Agu-
irre et al. 1981; Pérez & Soria 1989-90).
MaterIals and Methods
The present study is based on the compara-
tive morphological analysis of  the Nyctereutes record 
from Layna. The considered fossils are housed at 
the Museo Nacional de Ciencias Naturales. As com-
parative fossil material, we studied the collections of  
the Geology and Paleontology section of  the Mu-
seum of  Natural History of  Florence, of  the Geor-
gian National Museum in Tbilisi, of  the Hungarian 
Museum of  Natural History in Budapest, of  the 
Musée des Confluences in Lyon, of  the Université 
Claude Bernard de Lyon, of  the American Museum 
of  Natural History in New York and of  the Musée 
National d’Histoire Naturelle in Paris. We also re-
viewed the relevant literature on Plio-Pleistocene 
raccoon-dogs (Martin 1971; Soria & Aguirre 1976; 
Torre 1979; Tedford & Qiu 1991; Monguillon et al. 
2004; Bartolini Lucenti 2017; Rook et al. 2017). The 
fossil comparative sample includes specimens of  N. 
donnezani from La Gloria 4 and Perpignan; Nyctereu-
tes sp. from Çalta; N. megamastoides from the Lower 
Valdarno Basin, Kvabebi, Villarroya, Dafnero, Per-
rier-Les Etouaires; N. vulpinus  from St. Vallier; N. 
sinensis from the Yushe Basin and Nihewan Basin, 
and N. tingi from the Yushe Basin.
The extant comparative sample includes 
specimens of  N. procyonoides, Vulpes vulpes (Linnaeus, 
1758), Vulpes lagopus (Linnaeus, 1758) and Cerdocyon 
thous Smith, 1839 housed in the MZUF and AMNH.
Craniodental and postcranial measurements 
were taken to the nearest 0.1 mm with a digital cali-
per following Driesch (1976). 
Statistical analyses were performed using 
PAST software ver. 3.08 (Hammer et al. 2001; 
Fig. 1 - Geographic location and photos of  the Layna fossil vertebrate site. A. Position of  the site with the schematic representation of  the 
enlarged area in the Iberian Peninsula on top left. B-C. Pictures of  the First systematic excavation of  Layna locality, directed by Prof. 
Emiliano Aguirre in 1972 (B) and the site nowadays (C) (2012). Photo credits: B, Prof. E. Aguirre; C, Prof. J. Morales. 
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Hammer 2016). We further clarified the specific at-
tribution of  Nyctereutes material by comparing the 
sample from Layna with other Eurasian Plio-Pleis-
tocene and extant species of  the genus by means 
of  log-ratio diagram (Simpson 1941; Simpson et 
al. 1960). With the log-transformed mean value of  
each variable for every species, this graph estimates 
the difference between these values and a selected 
species, which constitutes the chosen comparative 
baseline. The dental variables selected are the P3 
length, the P4-M2 length and width for the upper 
teeth, while for the lower dentition the p3 length 
and the p4-m2 length and width. For our analyses, 
we selected the extant N. procyonoides as a reference 
baseline. We then plotted the following species: N. 
megamastoides from various European sites; N. tingi 
and N. sinensis from China; N. vulpinus from St. Val-
lier, and N. donnezani from Layna, Perpignan and 
La Gloria 4.
We used the molar ratio index (Asahara 
2013) to investigate the dietary preferences of  N. 
donnezani from Layna in comparison to some extant 
subspecies [i.e., Nyctereutes procyonoides albus (Hor-
naday, 1904) and Nyctereutes procyonoided viverrinus 
(Temminck, 1838)] and fossil species of  this genus 
(data taken from Asahara & Takai 2016 and SBL 
personal data). The method described by Asahara 
(2013) consists in calculating the occlusal surface 
of  the m1 and the m2, and then estimate the ratio 
between the two surfaces (i.e., m2/m1 score). In 
Canidae, this molar ratio proves to be related to 
the differences in diet (Asahara 2013, 2014; Asa-
hara et al. 2016). After measuring the tooth length 
and width, we calculated the occlusal area following 
Kavanagh et al. (2007). We used these new scores 
to plot all the data in a biplot diagram of  m1 oc-
clusal surface versus m2/m1 score of  each extant 
populations or fossil species to compare them with 
the results by Asahara & Takai (2016) and Bartolini 
Lucenti (in press).
Materials studied
Nyctereutes donnezani
Cranium and cranial fragments – MNCN-39920, left maxil-
lary fragment with M1-M2; MNCN-62478, left maxillary fragment 
with P4; MNCN-62482, right maxillary fragment with P2; MNCN-
62610, cranial fragment in sediment matrix; MNCN-63662, cranium 
with left I3-P2, P4-M2 and right I3-C1, P2, P4 and M2.
Upper teeth – MNCN-62599, left I2; MNCN-62600, left I3; 
MNCN-62494, left C1; MNCN-62496, right C1; MNCN-62483, 
right P3; MNCN-62479, left P4; MNCN-62480, right P4; MNCN-
62491, right M1; MNCN-62493, left M2.
Mandible – MNCN-39916, right hemimandible with p2-
p3 and m1-m3; MNCN-39917, right hemimandible with p4-m2; 
MNCN-39919, right hemimandible with p4-m2; MNCN-62616, 
right hemimandible with m2; MNCN-62617, right hemimandible 
with p2; MNCN-62618, right hemimandible, edentulous; MNCN-
62619, left hemimandible with m2; MNCN-62620, right hemiman-
dible; MNCN-62621, right hemimandible with p1; MNCN-62625, 
right hemimandible fragment, edentulous; MNCN-62643, fragment 
of  hemimandible ramus; MNCN-71082, right hemimandible frag-
ment; MNCN-71083, right hemimandible, edentulous; MNCN-
71087, right hemimandible with m1.
Lower teeth – MNCN-62602, left i1; MNCN-62598, left i2; 
MNCN-71086, left i2; MNCN-62597, left i3; MNCN-62495, right 
c1; MNCN-62497, right c1; MNCN-62651, right c1; MNCN-70008, 
left c1; MNCN-71085, right p3; MNCN-62519, right m1; MNCN-
62520, right m1; MNCN-62608, left m1; MNCN-62609, right m1; 
MNCN-70007, left m3.
Postcranial elements – MNCN-62563, fragment of  juvenile 
diaphysis; MNCN-62575, fragment of  left scapula; MNCN-62576, 
fragment of  right scapula; MNCN-62577, fragment of  right scap-
ula; MNCN-62632, fragment of  left scapula; MNCN-62634, frag-
ment of  right scapula; MNCN-62635, fragment of  right scapula; 
MNCN-62502, distal epiphysis of  left humerus; MNCN-62503, 
proximal epiphysis and fragment of  diaphysis of  left humerus; 
MNCN-62603, fragment diaphysis of  left humerus; MNCN-62604, 
distal epiphysis of  right humerus; MNCN-62631, distal epiphysis of  
right humerus; MNCN-13651, proximal epiphysis of  right radius; 
MNCN-13652, proximal epiphysis of  right radius; MNCN-13654, 
distal epiphysis of  left radius; MNCN-70904_1, distal epiphysis of  
left radius; MNCN-70904_2 fragment of  distal epiphysis of  right 
radius; MNCN-70905, distal epiphysis of  left radius; MNCN-70906, 
proximal epiphysis of  left radius; MNCN-70907, fragment of  
distal epiphysis of  right radius; MNCN-62550, fragment of  right 
ulna; MNCN-62551, fragment of  left ulna; MNCN-62552, frag-
ment of  left ulna; MNCN-62553, fragment of  right ulna; MNCN-
62554, fragment of  left ulna; MNCN-62555, fragment of  right 
ulna; MNCN-62556, fragment of  ulna; MNCN-62557, fragment 
of  right ulna; MNCN-62622/549, fragment of  right ulna; MNCN-
62623, fragment of  right ulna; MNCN-70006, fragment of  left ulna; 
MNCN-62614, fragment of  pelvis; MNCN-62615, fragment of  
right pelvis; MNCN-52972, right femur; MNCN-62473/75, prox-
imal epiphysis of  right femur; MNCN-62474, proximal epiphysis 
of  right femur; MNCN-62476, proximal epiphysis of  right juvenile 
femur; MNCN-62477, proximal epiphysis of  right femur; MNCN-
62558, distal epiphysis of  left juvenile femur; MNCN-62559, distal 
epiphysis of  left femur; MNCN-62560, distal epiphysis of  right fe-
mur; MNCN-62561, distal epiphysis of  right femur; MNCN-62562, 
fragment of  distal epiphysis of  femur; MNCN-62636, proximal 
epiphysis of  left femur; MNCN-62637, distal epiphysis of  left fe-
mur; MNCN-62638, proximal epiphysis of  right femur; MNCN-
62484, fragment of  distal epiphysis of  left tibia; MNCN-62485, 
distal epiphysis of  right tibia; MNCN-62486, fragment of  distal 
epiphysis of  left tibia; MNCN-62487, distal epiphysis of  right tib-
ia; MNCN-62488, proximal epiphysis of  left tibia; MNCN-62489, 
fragment of  proximal epiphysis of  left tibia; MNCN-62490, prox-
imal epiphysis of  left tibia; MNCN-62639, proximal epiphysis of  
left tibia; MNCN-70911, fragment of  distal epiphysis of  right tibia. 
Nyctereutes cf. megamastoides 
Cranium and cranial fragments – MNCN-39921, left 
maxillary fragment with P4-M1.
Mandible – MNCN-39918, right hemimandible with 
m1-m2. 
Postcranial elements – MNCN-69984, distal epiphysis of  
right humerus.
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Institutional abbreviations
ACA, Çalta identification acronym of  the Musée National 
d’Histoire Naturelle (France); AMNH, American Museum Natural 
History, New York (USA); F:AM, Frick Collection, Department 
of  Vertebrate Paleontology, American Museum of  Natural Histo-
ry GNM, Georgian National Museum, Tbilisi (Georgia); HMNH, 
Hungarian Museum of  Natural History, Budapest (Hungary); IGF, 
Museum of  Natural History, Geological and Paleontological section, 
University of  Florence (Italy); MNCN, Museo Nacional de Ciencias 
Naturales-CSIC, Madrid (Spain); MNHN, Musée National d’Histoire 
Naturelle, Paris (France); MZUF, Museum of  Natural History, “La 
Specola” Zoology section, University of  Florence (Italy); THP, Tian-
jin Museum (China).
Measurement abbreviations 
Cranium: Ect, Ectorbitale-Ectorbitale (frontal width); ECW, 
splanchnocranium width measured at the external upper canine al-
veoli; FL, Prosthion-frontal midpoint (facial length); FMH, foramen 
magnum height; GNL, Nasion-Rhinion (greatest length of  the na-
sals); GPW, greatest palatal width; LB, length of  the tympanic bulla; 
LCM, length from the distal margin of  the upper canine to the Ba-
sion; MOH, maxilla-orbit height (measured from the midpoint to M1 
alveolus to the border to the orbit at that level); M2B, length from the 
distal margin of  the M2 to the mesial border of  the tympanic bulla; 
PwP1, Palatal width at P1; SCL, Prosthion-Nasion (splanchnocrani-
um length). 
Teeth: L, mesiodistal length; A C-M2 L, alveolar length of  the 
upper teeth from the distal margin of  the upper canine alveolus to 
the distal margin of  the second molar; C-M2 L, length of  the upper 
teeth from the upper canine to the second molar; M1–M2 L, upper 
molar row length; P1-M2 L, upper cheek tooth row length; P1–P4 L, 
upper premolar row length; trm1, trigonid of  m1; tdm1, talonid of  
m1; W, buccolingual width.
Mandible: HR, mandibular corpus height distal to m1 alveo-
lus; Mm1B, mandibular corpus breadth below themed point of  the 
m1; Mp4H, mandibular corpus height distal to p4 alveolus; 
Postcranials: Bd, breadth of  the distal epiphysis; BG, breadth 
of  the glenoid cavity of  the scapula; Bp, breadth of  the proximal 
epiphysis; BPC, greatest breadth across the coronoid process; DC, 
depth of  the caput femoris; Dd, depth of  the distal epiphysis; Dp, 
depth of  the proximal epiphysis; DPA, depth across the processus 
anconaeus; GLP, greatest length of  the processus articularis.
systeMatIc PaleontoloGy
Order Carnivora Bowdich, 1821
Suborder Caniformia Kretzoi, 1943
Family Canidae Fischer, 1817
Subfamily Caninae Fischer, 1817
Tribe Vulpini Hemprich and Ehrenberg, 1832
Genus Nyctereutes Temminck, 1838
Nyctereutes donnezani (Depéret, 1890)
Synonyms: Vulpes donnezani Depéret, 1890
Type locality: Perpignan, France
Age: Early Pliocene, MN15
Differential diagnosis: Medium-sized Nyctereutes, smaller 
than N. tingi but similar in size to other Eurasian species, such as N. 
sinensis, and considerably larger compared to extant N. procyonoides. 
Upper molars tend to be buccolingually narrow compared to Vulpes 
and also to N. tingi, but not mesiodistally elongated as in N. procy-
onoides, N. sinensis, N. vulpinus and N. megamastoides. In the mandible, 
the subangular lobe is generally more prominent than in N. tingi, but 
not to the extent of  species like N. procyonoides, N. sinensis, N. vulpi-
nus and N. megamastoides. The angular process is enlarged compared 
to the hook-shaped morphology observed in N. tingi, although N. 
megamastoides and the extant N. procyonoides have dorsoventrally larger 
angular processes. Lower premolars are more buccolingually com-
pressed compared to other species. The m1 is reduced in width re-
sembling that of  N. tingi, with a talonid not enlarged unlike those of  
N. sinensis or N. megamastoides.
Description of  Layna material
Cranium and cranial fragments – MNCN-63662 
is a rather damaged and broken cranium, especially 
in the neurocranium portion (Fig. 2). In dorsal view, 
the cranium is considerably elongated, especially the 
splanchnocranium. The nasals are short, as they end 
before the maxillofrontal suture. In lateral view, the 
cranium profile is rather straight and the cranium 
appears short in height, although this morphology 
might be due at least in part to the dorsoventral di-
agenetic compression of  the neurocranium. The or-
bit is large and with oval-like shape, in lateral view. 
The postorbital processes are broken. The specimen 
is considerably damaged at level of  the postorbital 
constriction and it is difficult to estimate its actual 
width. This taking into account the state of  preser-
vation of  the specimen and the morphology of  the 
dorsal portion of  the postorbital processes (which 
show a shallow depression, compatible with the 
vulpine crease), the frontal sinuses seem to be very 
poorly developed. The sagittal crest seems to be very 
low. In dorsal view, the braincase appears inflated, 
globular, but being broken and deformed, its orig-
inal morphology is difficult to assess. The occipital 
region is badly damaged. The tympanic bullae are 
rather short mesiodistally, rounded in ventral view 
and considerably inflated. In ventral view, the palate 
is long and narrow, even at level of  M1. It seems to 
end slightly caudally to the distal margin of  M2.
Upper teeth – Incisors possess a large main 
cusp and two accessory small accessory cusps. The 
I3 is very similar in morphology to the other inci-
sors. The C is considerably compressed buccolin-
gually, with a high and pointed cusp. The premolars 
are separated by diastemata. The P1 has a conical, 
single cusp. The P2 has a large and high protocone 
and no distal accessory cusps. The P3 is similar 
to P2, but larger, with a distal cusp-like cingulum. 
The position of  the P4 protocone is variable in the 
analyzed sample, although in the majority of  the 
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specimens, its exceeds mesially the mesial margin 
of  the tooth (Fig. 3B-C; see MNCN-62481 in Fig. 
3D as an example of  different protocone mesial de-
velopment). This cusp is large, high and pointed. 
On the opposite side of  the protocone, there is a 
prominent and cusp-like mesial cingulum (almost in 
a parastyle). The P4 is overall compressed buccolin-
gually, with a low but mesiodistally elongated par-
acone and a short metastylar blade. On the lingual 
side of  the tooth, there is a continuous cingulum. 
The M1 is extends lingually with an elongated shape 
in occlusal view (Fig. 3E-F). The paracone is similar 
in size compared to the metacone, although higher. 
The M1 protocone and metaconule are well-devel-
oped and there is a prominent protoconule. The 
hypocone is generally large-based and can be sep-
arated from the lingual cingulum by a small furrow. 
The cingulum is strong on the buccal and on the 
mesial sides. The M2 possesses a larger paracone 
compared to the metacone, a large protocone and 
smaller but visible protoconule and metaconule 
(Fig. 3F-G). The protocone and the metaconule are 
connected by the postprotocrista. Lingually, there is 
a cingulum-like hypocone. 
Fig. 2 - Nyctereutes donnezani from Lay-
na, MN15 (Spain) – MNCN-
63662, cranium in dorsal 
view (A), ventral view (B) 
and lateral view (C). 
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Mandible – The corpus is rather low and slen-
der (Fig. 4). Its ventral margin in lateral view, is 
slightly arched. In occlusal view, the lower tooth row 
appears straight. In buccal view, lower premolars do 
not show diastemata between them. The masseteric 
fossa is relatively deep and the ramus is rostrocau-
dally large, stout and rather elevated over the corpus. 
In the angular region, the subangular lobe is slight-
ly developed, in lateral view, in with the shape of  a 
short bulging of  bone. The angular process is large 
and stout (Fig. 4I-J and L-M). MNCN-39917 (Fig. 
4A-C) is the specimen in which the distal portion is 
better preserved but the angular process is broken. 
Lower teeth – The incisors are small. The c is 
low-crowned. The lower premolars are mesiodistal-
ly short and possess very high protoconids (Fig. 4). 
Both p2 and p3 do not possess distal accessory cus-
pid. In occlusal view, the p4 is oval-shaped. It has a 
large accessory cuspid closely attached to the proto-
conid and a strong distal cingulid. The m1 paraconid 
is short, whereas the protoconid is high, not arched 
distally (Fig. 4). The metaconid is large and individ-
ualized from the protoconid, and it slightly projects 
on the lingual side. On the talonid, there is a large 
hypoconid and a smaller entoconid (with generally 
no difference in height between them) not connect-
ed by any cristid. Between the metaconid and entoc-
onid, there is generally one large accessory cuspid. In 
almost all the specimens, a cristid bounds the distal 
margin of  the m1 and connects the distal sides of  the 
entoconid and the hypoconid (Fig. 4C, F, H, P). The 
m2 is generally bean-shaped in occlusal view, with a 
conspicuous mesiobuccal cingulid (Fig. 4). The pro-
toconid and metaconid are large and equal in size. 
Mesially to these cuspids, there is generally a round 
cristid with a cuspulid on it. On the talonid, there is 
a large hypoconid and, generally, one or more acces-
sory cuspulids behind the metaconid. The m3 is oval 
and possesses two equal-sized cuspids. 
Postcranial elements – Scapulae. Among the vari-
ous scapulae recovered from the site of  Layna, only 
two fragments are in good state of  preservation (i.e., 
MNCN-62577 and MNCN-62633) (Fig. 5). Never-
theless, these specimens preserve almost only the 
glenoid cavity and very little portion of  the ala scap-
ulae. The glenoid cavity outline is sub-rounded in 
shape. The supragleonoid tubercle is hooked with a 
stout coracoid process directly and closely attached 
to the medial margin of  the tubercle. 
Humerus. On the proximal epiphysis, there is 
a robust head. The greater tubercle is slightly high-
er compared to the head, and it is considerably en-
larged (Fig. 5). The lesser tubercle is quite prominent 
and large, in palmar view. On the distal epiphysis, 
there is a round supratrochlear foramen. In cranial 
view, the distal articular surfaces appear compressed 
dorsoventrally in comparison to its width, especial-
ly the capitulum, although the medial side of  the 
trochlea extends distally (Fig. 5). Furthermore, the 
lateral side of  the distal articular surface is inclined 
compared to the medial side and the vertical axis 
of  the diaphysis. The distal epicondyles are both 
well-developed, although the medial is larger than 
the lateral. In medial view, MNCN-62502 shows a 
prominent supratrochlear crest (Fig. 5). 
Radius. In proximal view, the proximal artic-
ular area is bean-shaped. The coronoid process is 
a prominent tip, in cranial view. On the cranial side 
of  the distal portion, there is a swelling of  bone, 
particularly prominent in MNCN-70905 (Fig. 5G), 
identified by the wide grooves of  the extensor car-
pi radialis and extensor digitalis communis muscles. 
Ulna. The tuberosity of  the olecranon is 
knob-like in shape. On the medial side, there is a 
deep fossa below this tuberosity. The lateral cor-
onoid process is greatly reduced compared to the 
medial one, resembling more a small bone promi-
nence. The medial coronoid process is rather thin 
Fig. 3 - Nyctereutes donnezani from Layna, MN15 (Spain) – MNCN-
62478, left maxillary fragment with P4, in buccal (A) and oc-
clusal view (B). MNCN-62479, left P4, in occlusal view (C). 
MNCN-62481, left P4, in occlusal view (D). MNCN-62492, 
left M1, in occlusal view (E). MNCN-39920, left maxillary 
fragment with M1-M2, in occlusal view (F). MNCN-62493, 
left M2, in occlusal view (G).
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and compressed mediolaterally  instead of  expand-
ing medially, it projects cranially, if  observed in 
proximal view (Fig. 5I). 
Femur. MNCN-52972 is an almost complete 
femur, missing only the greater trochanter (Fig. 
5J). It is rather shortened, with thick diaphysis and 
mediolaterally large epiphyses. In medial view, the 
lesser trochanter is large and prominent. On the 
diaphysis, there are no relevant grooves visible. On 
the cranial side of  the distal epiphysis, the ridges 
of  the distal articulation are prominent. In plantar 
and distal views, the intercondylar space is large. 
Dorsal to the lateral condyle, in plantar view, there 
is a prominent supracondylar tuberosity. 
Tibia. In cranial view, the diaphysis of  the 
tibia seems markedly curved, especially near the 
proximal epiphysis (Fig. 5L). Distally, the medial 
malleolus is rather enlarged and extended distally 
(Fig. 5M). 
Comparison
Although damaged, MNCN-63662 is one of  
the most complete crania of  N. donnezani report-
ed in the literature (Fig. 2). MNCN-63662 shows 
numerous similarities with the cranium of  N. tingi 
(e.g., F:AM 96575; THP 22714). For instance, both 
species are large-sized, possess diastemata between 
upper premolars, and the splanchnocranium is rath-
er elongated compared to the neurocranium. Be-
sides the larger overall size, the crania of  N. sinensis 
from Yushe Basin, N. vulpinus from St. Vallier or N. 
megamastoides of  Europe show a smaller basicranial 
area compared to that of  N. donnezani and similar 
proportions between the neurocranium and the 
splanchnocranium. Other features cannot be dis-
cussed due to the state of  preservation of  the fossil 
from Layna. 
The set of  morphologies of  the Layna ma-
terial is consistently primitive if  compared to the 
Fig. 4 - Nyctereutes donnezani from Layna, MN15 (Spain) – MNCN-39917, right hemimandible fragment with p4-m2, in buccal view (A), lingual 
view (B), occlusal view (C). MNCN-39916, right hemimandible fragment with p2-p3 and m1-m3, in buccal view (D), lingual view (E), 
occlusal view (F). MNCN-39919, right hemimandible fragment with p4-m2, in lingual view (G), occlusal view (H). MNCN-62616, 
right hemimandible fragment with m2, in buccal view (I), lingual view (J), occlusal view (K). MNCN-62618, right hemimandible frag-
ment, in buccal view (L), lingual view (M). MNCN-62504, left hemimandible fragment with p4-m1, in buccal view (N), lingual view 
(O), occlusal view (P).
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features characterizing N. sinensis, N. vulpinus and 
N. megamastoides. For instance, the latter species 
show a high angle between the mandibular corpus 
and ramus, in the area of  the subangular lobe; ad-
ditionally, the development of  the angular process 
or sub-quadrate morphology of  M1 and M2 in N. 
vulpinus, N. sinensis and particularly N. megamastoides 
cannot be seen in N. donnezani. Similarly, N. procy-
onoides exhibits several features that are also highly 
derived and not comparable to those of  Nyctereutes 
from Layna, e.g., the presence of  a stronger para-
style on P4, the general morphology of  the upper 
molars, the reduced development of  the metacone 
and metaconule in the M1, the proportionally re-
duced metaconid on the m1, etc. The dentognatic 
features of  N. vulpinus from St. Vallier are rather 
derived in comparison to those of  the considered 
sample. For example, N. vulpinus possesses the M1 
paracone slightly larger than the metacone; a quad-
rate occlusal shape of  the M2; a well-developed 
subangular lobe, stronger than that of  N. donnezani. 
Other features that distinguish N. vulpinus from the 
specimens from Layna are the thin and sharp an-
gular process and the relative development of  the 
pterygoideus medialis muscle scars on the medial 
side of  this process (Fig. 6). Although the characters 
of  the taxon from St. Vallier are more derived than 
those of  N. donnezani from Perpignan and Nyctere-
utes from Layna, they are suggestive of  a less ad-
vanced degree of  adaptation to an hypocarnivorous 
diet similar to that of  N. sinensis and in contrast to 
N. megamastoides. 
The taxa showing primitive morphologies 
close to those observed in the Layna sample are N. 
tingi from numerous localities of  the Yushe Basin 
(China) and N. donnezani from La Gloria 4 (Spain) 
and Perpignan (France). Among the shared features, 
the poorly developed subangular lobe, the morphol-
ogy of  the upper molars, and their reduced width 
can be pointed out. 
Regarding the postcranial sample, the humeri 
from Layna (e.g., MNCN-62503) possess a robust 
head that extends palmarly, with an oval shape 
when observed in proximal view. Conversely, in 
the humerus of  N. megamastoides from Perrier-Les 
Etouaires or of  the extant N. procyonoides, the caput 
humeri is rather round in shape in proximal view. 
The greater tubercle of  the Layna sample resembles 
Fig. 5 - Nyctereutes donnezani from Lay-
na, MN15 (Spain) – MNCN-
62577, fragment of  right 
scapula, in lateral view (A) 
and distal view (B). MNCN-
62503, fragment of  left hu-
merus, in lateral view (C). 
MNCN-62502, fragment of  
left humerus, in dorsal view 
(D) and palmar view (E). 
MNCN-13654, fragment of  
left radius, in dorsal view (F). 
MNCN-70905, fragment of  
left radius, in distal view (G). 
MNCN-62622/549, right 
ulna, in lateral view (H). 
MNCN-62623, fragment of  
right ulna, in dorsal view (I). 
MNCN-52972, right femur, 
in dorsal view (J). MNCN-
62473/75, proximal epiphy-
sis of  right femur, in dorsal 
view (K). MNCN-62488, 
proximal epiphysis of  left 
tibia, in dorsal view (L). 
MNCN-62485, distal epiph-
ysis of  right tibia, in dorsal 
view (M).
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that of  N. procyonoides, whereas it is proportionally 
larger than that N. megamastoides. Compared to these 
two species, the intertubercular sulcus of  the speci-
mens from Layna (e.g., MNCN-62503 and MNCN-
69984) is reduced and narrow if  compared to the 
condition of  N. megamastoides and N. procyonoides. 
Moreover, the lesser tubercle appears reduced com-
pared to that of  both the extant N. procyonoides and 
N. megamastoides. In the distal epiphysis of  the hu-
merus, the majority of  the specimens from Layna 
possesses a large, proximodistally high capitulum, 
similar to that of  N. donnezani of  Perpignan and 
unlike N. megamastoides of  Perrier-Les Etouaires, N. 
vulpinus from St. Vallier and extant N. procyonoides. 
In distal view, the incision for the articulation of  
the olecranon of  the ulna is proportionally narrow-
er compared to that of  N. megamastoides and N. pro-
cyonoides. In the same view, the distal epiphysis ap-
pears stout and craniopalmarly enlarged compared 
to N. procyonoides, N. donnezani from Perpignan and 
N. megamastoides from Perrier-Les Etouaires. In cra-
nial view, the trochlea of  N. procyonoides tends to 
be strongly inclined medially. In the fossil species, 
this feature is not clearly marked. The features of  
the distal portion of  the radius resemble those of  
N. donnezani from Perpignan for the elongation in 
lateral direction of  the distal articular surface (in 
distal view), correspondingly to a compression in 
craniopalmar direction. This rectangular shape con-
trasts with the condition seen in N. megamastoides. 
Moreover, another common feature between the 
specimens from Layna and Perpignan, is the bone 
swelling on the cranial side of  the distal epiphysis, 
which is conversely smaller in N. megamastoides. Both 
N. donnezani from Perpignan and the specimens of  
Layna possess a well-developed and large groove 
for the muscle extensor radialis carpi whereas the 
of  the muscles extensor digitorum communis and 
extensor obliquus carpi are reduced. 
The ulna of  N. megamastoides shows an en-
larged, prominent and shelf-like medial coronoid 
process, different from that of  N. procyonoides and 
especially from that of  the sample from Layna and 
N. donnezani from Perpignan. In these two latter 
taxa, the medial coronoid process although larger 
than the lateral one, is thinner and receding com-
pared to that of  N. megamastoides. 
The neck of  the femur of  the specimens of  
Layna (e.g., MNCN-62473/75 or MNCN-52977), is 
stout as in N. donnezani, while it is more slender in 
N. megamastoides and N. procyonoides. The lesser tro-
chanter is prominent in lateral view and well devel-
oped compared to N. megamastoides from Perrier and 
especially to the extant N. procyonoides. The third tro-
chanter is peculiarly larger in the sample of  Layna 
than in N. procyonoides.
A relevant difference between the tibiae of  
Layna and other Eurasian samples lie in the mor-
phology of  the distal articular surface: the plantar 
margin of  the surface is reduced in lateral length 
compared to the cranial margin, giving a triangular 
shape to the tibial trochlea in distal view. This fea-
ture resembles that of  N. donnezani from Perpignan 
but contrast with N. megamastoides and N. procyonoides.
All measurements of  the Nyctereutes sample 
from Layna are shown in Tables 1-7.
Log-ratio diagrams (Fig. 7) were used to test 
the affinities of  the Layna sample in comparison to 
the variability of  the Eurasian fossil taxa. These dia-
grams were used to compare the mean dental meas-
ures of  Eurasian Pliocene-Pleistocene species and 
of  the extant N. procyonoides, which was used as a 
standard reference in all the diagrams. The graph of  
Fig. 7A highlights the similarity in tooth proportions 
between the Layna material and N. donnezani from 
Perpignan. Therefore, these morphometric results 
reinforce those obtained from the morphological 
comparison and support the attribution of  the Lay-
na sample to N. donnezani. In general dental propor-
tions, the sample from Layna is significantly larger 
than the extant N. procyonoides but similar in size to 
Fig. 6 - Comparative schematic representation of  the rami of  the 
medial pterygoideus muscle on the medial side of  the an-
gular process in different Nyctereutes species: A) N. donnezani 
from Layna; B) N. tingi from the Yushe Basin; C) N. vulpinus 
from St. Vallier; D) N. megamastoides from Senéze; E) N. sin-
ensis from the Yushe Basin; F) extant N. procyonoides. Muscle 
insertions are represented by scars or rough surfaces on the 
angular process. All outlines were rescaled to appear of  the 
same dimensions.
Nyctereutes (Mammalia, Carnivora, Canidae) from Layna and the Eurasian raccoon-dogs 607
Ca
ta
lo
g.
 N
°
FL
SC
L
G
N
L
E
ct
E
CW
G
PW
M
O
H
Pw
P1
LB
M
2B
FM
H
LC
M
M
N
CN
63
66
2
8
2
.7
6
1
.8
4
4
.4
3
5
.7
2
7
4
4
1
6
.1
1
8
.5
1
6
3
5
.5
1
1
.8
1
2
6
.9
T
ab
. 
1
 -
 C
ra
n
ia
l 
m
ea
su
re
m
en
ts
 (
m
m
) 
o
f 
N
yc
te
re
ut
es
 d
on
ne
za
ni
 f
ro
m
 L
ay
n
a.
 F
o
r 
m
ea
su
re
m
en
t 
ab
b
re
v
ia
ti
o
n
s,
 s
ee
 t
h
e 
m
ai
n
 t
ex
t.
Ca
ta
lo
g.
 N
°
si
de
C 
L
C 
W
P1
 L
P1
 W
P2
 L
P2
 W
P3
 L
P3
 W
P4
 L
P4
  
Lm
ax
P4
 W
M
1 L
M
1 W
M
2 
L
M
2 
W
C-
M
2 
L
A 
C-
M
2 
L
P1
-M
2L
P1
-P
4L
M
1-
M
2 
L
M
N
CN
39
92
0
L
-
-
-
-
-
-
-
-
-
-
-
9
.7
1
1
.2
6
.4
8
.3
-
-
-
-
1
5
.8
M
N
CN
39
92
1
L
-
-
-
-
-
-
-
-
1
2
.1
1
3
.1
6
.2
1
0
.6
1
1
.9
-
-
-
-
-
-
-
M
N
CN
63
66
2
L
7
.2
4
.6
3
.8
2
.5
7
.8
2
.8
-
-
1
3
.3
1
5
.1
-
1
0
.7
1
1
.2
7
.1
9
7
0
.3
6
2
.2
5
8
.1
4
1
.3
1
8
T
ab
. 
2
 -
 M
ea
su
re
m
en
ts
 (
m
m
) 
o
f 
as
so
ci
at
ed
 u
p
p
er
 t
ee
th
 o
f 
N
yc
te
re
ut
es
 d
on
ne
za
ni
 f
ro
m
 L
ay
n
a.
 F
o
r 
m
ea
su
re
m
en
t 
ab
b
re
v
ia
ti
o
n
s,
 s
ee
 t
h
e 
m
ai
n
 t
ex
t.
Ca
ta
lo
g.
 N
°
si
de
L
W
Lm
ax
M
N
CN
62
49
4
C
L
6
.4
4
.3
-
M
N
CN
62
48
2
P
2
R
6
.5
2
.9
-
M
N
CN
62
47
8
P
4
L
1
2
.8
7
.4
1
4
M
N
CN
62
47
9
P
4
L
-
6
.1
-
M
N
CN
62
48
1
P
4
L
1
2
.8
7
1
3
.1
M
N
CN
62
49
1
M
1
R
9
.7
-
-
M
N
CN
62
49
2
M
1
L
9
.9
5
1
0
.5
-
M
N
CN
62
49
3
M
2
L
6
.8
8
.1
-
T
ab
.3
 -
 M
ea
su
re
m
en
ts
 (
m
m
) 
o
f 
is
o
la
te
d
 u
p
p
er
 t
ee
th
 o
f 
N
yc
te
re
ut
es
 d
on
ne
za
ni
 f
ro
m
 L
ay
n
a.
 F
o
r 
m
ea
su
re
m
en
t 
ab
b
re
v
ia
ti
o
n
s,
 s
ee
 t
h
e 
m
ai
n
 t
ex
t.
Ca
ta
lo
g.
 N
°
Si
de
p2
 L
p2
 W
p3
 L
p3
 W
p4
 L
p4
 W
m
1 L
m
1 W
trm
1 L
td
m
1 W
m
2 
L
m
2 
W
m
3 
L
m
3 
W
M
p4
H
M
m
1H
M
m
1B
H
R
M
N
CN
39
91
6
R
6
.1
2
.5
7
.5
2
.7
-
-
1
5
.6
5
.9
1
0
5
.8
7
.8
5
.4
4
.1
3
.6
-
-
-
-
M
N
CN
39
91
7
R
-
-
-
-
9
.1
3
.9
1
4
.8
6
.2
9
.2
6
.1
8
-
-
-
1
3
.9
1
5
.9
7
.8
4
1
M
N
CN
39
91
8
R
-
-
-
-
-
-
1
5
.1
6
.4
9
.8
6
.3
8
.9
6
.3
-
-
-
-
-
-
M
N
CN
39
91
9
R
-
-
-
-
9
.1
-
1
5
.7
-
1
0
-
8
.4
6
.7
-
-
-
1
7
-
-
M
N
CN
62
50
4
L
-
-
-
-
9
3
.5
1
3
.6
5
.2
8
.4
5
.1
-
-
-
-
1
4
-
-
-
T
ab
. 
4
 -
 M
ea
su
re
m
en
ts
 (
m
m
) 
o
f 
m
an
d
ib
le
s 
an
d
 a
ss
o
ci
at
ed
 l
o
w
er
 t
ee
th
 o
f 
N
yc
te
re
ut
es
 d
on
ne
za
ni
 f
ro
m
 L
ay
n
a.
 F
o
r 
m
ea
su
re
m
en
t 
ab
b
re
v
ia
ti
o
n
s,
 s
ee
 t
h
e 
m
ai
n
 t
ex
t.
Ca
ta
lo
g.
 N
°
Si
de
L
W
trm
1 L
td
m
1 W
M
N
CN
62
49
5
c
R
6
.8
4
.3
-
-
M
N
CN
62
49
7
c
R
6
.8
4
.3
-
-
M
N
CN
62
65
1
c
R
6
.7
4
.5
-
-
M
N
CN
70
00
8
c
L
6
.6
4
.4
9
-
-
M
N
CN
70
00
9
c
R
6
.1
4
.4
-
-
M
N
CN
62
62
1
p
1
R
3
.5
2
.1
-
-
M
N
CN
71
08
5
p
3
?
R
7
.1
3
-
-
M
N
CN
62
51
9
m
1
R
1
7
6
.3
1
1
6
.3
M
N
CN
62
60
8
m
1
L
6
.7
-
-
-
M
N
CN
62
60
9
m
1
R
6
.8
-
-
-
M
N
CN
71
08
7
m
1
R
1
6
6
.7
1
1
.7
6
.4
M
N
CN
62
61
6
m
2
R
7
.6
5
.2
-
-
M
N
CN
62
61
9
m
2
L
8
.6
5
.7
-
-
M
N
CN
70
00
7
m
3
L
4
3
.7
-
-
T
ab
. 
5
 -
 M
ea
su
re
m
en
ts
 (
m
m
) 
o
f 
is
o
la
te
d
 l
o
w
er
 t
ee
th
 o
f 
N
yc
te
re
ut
es
 d
on
ne
za
ni
 f
ro
m
 L
ay
n
a.
 F
o
r 
m
ea
su
re
m
en
t 
ab
b
re
v
ia
ti
o
n
s,
 s
ee
 t
h
e 
m
ai
n
 t
ex
t.
Bartolini Lucenti S., Rook L. & Morales J.608
GLP BG Dp Bd Bp Dp Bd Dd DPA BPC
Min 18,5 10,1 25,5 20,4 12,0 7,7 15,1 8,6 16,7 7,0
Max 21,6 13,1 29,3 25,5 13,2 8,5 17,0 10,3 18,4 11,0
Mean 19,4 11,5 27,4 22,9 12,4 8,2 16,0 9,6 17,4 9,1
Stand. Dev. 1,3 1,0 2,7 2,1 0,7 0,4 1,0 0,7 0,9 1,3
N° elem 5 7 2 4 3 3 4 4 3 6
Tab. 6 - Measurements (mm) of the forelimb bones of Nyctereutes donnezani  from Layna. For measurement abbreviations, see the main text.
Bp DC Bd Dd Bp Bd Dd
Min 28,4 12,0 21,4 18,8 24,3 15,3 11,4
Max 29,0 13,1 23,8 24,7 26,2 16,0 11,8
Mean 28,7 12,5 22,5 20,9 25,5 15,7 11,6
Stand. Dev. 0,4 0,5 0,9 2,8 1,0 0,5 0,3
N° elem 2 4 5 5 3 2 2
Tab. 7 -  Measurements (mm) of hindlimb bones of Nyctereutes donnezani  from Layna. For measurement abbreviations, see the main text.
Scapula Humerus Radius Ulna
Femur Tibia
the fossil species of  Nyctereutes, as shown in Fig. 7A. 
When considered all together, the proportions and 
size the Perpignan, La Gloria 4 plus Layna samples 
(N. donnezani from Western Europe of  Fig. 7B) fall 
between those of  N. procyonoides and N. tingi, being 
the former considerably smaller and the latter sub-
stantially larger than the other taxa. Remarkable is 
the similarity between the pattern of  dental propor-
tions of  N. donnezani, N. sinensis and especially N. 
vulpinus, besides the presence of  some derived mor-
phological features in the two latter (e.g., equal-sized 
paracone and metacone on M1; quadrate occlusal 
shape of  M2) (Fig. 7B). The general dental propor-
tions and size of  N. megamastoides do not differ sig-
nificantly from N. sinensis and N. vulpinus, except for 
the proportionally longer M2, the enlarged m1 and 
the wider m2.
Nyctereutes cf. megamastoides (Pomel, 1842)
Synonyms: Canis megamastoides Pomel, 1842.
Type locality: Perrier-Les Etouaires, France.
Age: Late Pliocene, MN16.
Differential diagnosis: The cranium tends to be shortened 
rostrocaudally. The upper molars tend to have squared outline in 
occlusal view, unlike the buccolingually wider shape of  N. donnezani 
and N. tingi. In M1 and M2, the paracone and metacone are equal in 
size like in N. donnezani but in contrast to N. sinensis and N. vulpinus. 
Nyctereutes megamastoides possesses a mandible with a greatly devel-
oped subangular lobe similar and even more prominent compared 
to N. sinensis and N. vulpinus. The angular process in N. megamastoides 
in enlarged in dorsoventral direction, with large insertion areas for 
branches of  the pterygoid muscle (particularly the superior one). The 
m1 trigonid tends to be shortened compared to primitive taxa of  the 
genus and the talonid is buccolingually enlarged. The m1 metaconid 
is enlarged and extends lingually. The cuspids of  the m1 talonid are 
generally joined by a marked cristid unlike other species of  Nyctereu-
tes. The m2 is rather enlarged in its mesial portion, with a larger pro-
toconid compared to the metaconid. Accessory cuspids are present 
in the distal portion of  the m2.
Other localities: Senéze, Pardines (France); Villarroya 
(Spain); San Giusto, Montopoli, Collepardo (Italy); Dafnero, Volax, 
Sesklon, Vatera-F (Greece); Kvabebi (Georgia); Volovaya Balka (Rus-
sia).
Description of  Layna material
Upper teeth – The maxillary fragment MNCN-
39921 preserves complete P4 and M1. The P4 (L= 
12.1 mm; Lmax= 13.1 mm; W= 6.2 mm) has a large 
protocone that lies at the same level of  the mesial 
margin of  the P4 or slightly advanced (Fig. 8A-B). 
Lingually there is a strong cingulum whereas on the 
mesial side there is a faint one. The paracone is high 
and pointed and the metastylar blade is short. The 
M1 (L= 10.6 mm; W= 11.9 mm) is quadrangular in 
occlusal view (Fig. 8A-B). The paracone is equal in 
size as the metacone, but slightly higher. The M1 
protocone is large and the metaconule is reduced; 
the protoconule is evident. On the mesial side, there 
is an expanded and prominent cusp-like cingulum. 
The hypocone is large. The buccal cingulum is 
prominent.
Lower teeth – The m1 dimensions of  MNCN-
39918 are: L= 15.1 mm; W= 6.4 mm; tr L= 9.8 mm. 
The m1 protoconid is markedly higher than the low 
paraconid (Fig. 8C-E), which is slender in occlusal 
view. The metaconid is prominently large and sepa-
rated from the protoconid. Together with the talo-
nid, it extends lingually. The hypoconid is larger and 
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higher compared to the entoconid; a short cristid 
connects them, prominent, especially on the ento-
conid. Between the metaconid and the entoconid 
there are two large accessory cuspids. In occlusal 
view, the m2 (L= 8.9 mm; W= 6.3 mm) is bean-
shaped with a conspicuous buccal development of  
the cingulid, especially mesially (Fig. 8E). The pro-
toconid is similar in size to the metaconid. A cristid 
develops from the mesial side of  the protoconid. 
On the talonid, there is the hypoconid and three 
prominent accessory cuspulids behind the metac-
onid.
Postcranial elements – Humerus. It preserves only 
the distal portion (Bd= 29.3 mm). In cranial view, 
the distal articular surface of  MNCN-69984 appears 
elongated laterally especially in the capitulum (Fig. 
8F). The trochlea, although damaged, is very high 
in proximodistal direction. The lateral side of  the 
distal articular surface is strongly inclined laterally 
compared to the medial side, which is parallel to the 
vertical axis of  the diaphysis. The epicondyles are 
well-developed and similar in size, both extended 
laterally. The olecranon fossa seems deep and large.
Comparisons 
The position and the development of  the 
P4 protocone is unusual compared to the rest of  
the sample from Layna: it is relatively reduced and 
close the paracone instead of  having a strong and 
advanced mesial margin (Figs 3 and 8). The squared 
Fig. 7 -  Log-ratio diagrams on selected upper and lower tooth variables in Plio-Pleistocene species and selected samples of  Nyctereutes as com-
pared to the extant N. procyonoides. A) Log-ratio diagram on the different samples of  Layna (N. donnezani and N. cf. megamastoides) in 
comparison to the Plio-Pleistocene species (N. sinensis, N. tingi, N. vulpinus, N. megamastoides and the type sample of  N. donnezani from 
Perpignan) and N. procyonoides. B) Resuming log-ratio diagram showing the pattern of  dental proportions in the fossil Eurasian species 
as compared to the extant N. procyonoides (used as the reference baseline). Here the proportions of  N. donnezani are the resulting from 
the combination of  the sample of  La Gloria 4, Perpignan and Layna. The extant N. procyonoides is used as the reference baseline in 
both diagrams.
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morphology of  the upper molar of  MNCN-39921 
differs greatly from the other molars recovered 
from Layna. Particularly, the development of  the 
mesial cingulum, with its short but prominent cusps, 
and the lingual shortening of  M1 resemble the fea-
tures observed in the specimens from Perrier-Les 
Etouaires, Dafnero, or Kvabebi and strongly con-
trast with those of  N. donnezani from Layna or Per-
pignan and those of  N. tingi from the Yushe Basin. 
For instance, no specimens of  the analyzed sam-
ple of  these two latter species show a buccolingual 
reduction of  the M1, or possess the cusp-like cin-
gulum. Even the more derived taxa, N. sinensis and 
N. vulpinus, do not possess a markedly enlarged and 
cusp-like cingulum on the mesial side of  M1. The 
morphological analysis of  the samples of  N. sinen-
sis and of  N. vulpinus reveal that only the 14% and 
the 22% of  the specimens, respectively, possessed 
large and cusp-like mesial cingulum. On the contra-
ry, N. megamastoides and N. procyonoides almost always 
possess this morphology of  the mesial cingulum of  
the M1 (95% and 90% of  the considered sample). 
The morphology of  the m1 is peculiar for the con-
spicuous enlargement of  the metaconid and talo-
nid, especially in occlusal view. The widening of  the 
talonid area of  the m1 compared to the trigonid 
is marked in the derived species N. megamastoides 
whereas in N. donnezani or even N. sinensis and N. 
vulpinus, this feature is not prominent. The pres-
ence of  large accessory cuspids on the lingual side 
of  m1 and m2 and the cristid connecting the m1 
hypoconid and the entoconid are further features 
that resemble N. megamastoides or N. vulpinus as N. 
donnezani does not possess the crista transversa. 
N. sinensis rarely possess accessory cuspid/cus-
pulids or this cristid between hypoconid and en-
toconid. Particularly, among the specimens of  N. 
sinensis from Yushe Basin and Nihewan Basin only 
the 5% possessed a crista transversa. On the con-
trary, in N. vulpinus from St. Vallier the percentage 
of  specimens with the cristid is above the 54%, 
but in the samples attributed to N. megamastoides 
(e.g., Perrier-Les Etouaires, Senéze, Kvabebi), the 
90% of  the specimens with preserved m1 show a 
prominent cristid between the m1 hypoconid and 
entoconid. In the extant N. procyonoides, the 72% of  
Fig. 8 - Nyctereutes cf. megamastoides 
from Layna, MN15 (Spain) 
– MNCN-39921, left max-
illary fragment with P4-M1, 
in lateral view (A) and oc-
clusal view (B). MNCN-
39918, right hemimandible 
fragment with m1-m2, in 
buccal view (C), lingual view 
(D) and occlusal view (E). 
MNCN-69984, fragment 
distal epiphysis of  right hu-
merus, in cranial view (F), 
palmar view (G) and in distal 
view (H).
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the sample displayed a prominent crista transversa. 
The enlargement of  the m1 talonid in buccolingual 
sense, visible in occlusal view, and the supranumer-
ary cuspulids on the lower molars contrast with the 
diagnostic features of  N. vulpinus as described by 
Soria & Aguirre (1976) (viz. the elongated m1 and 
a reduced m2).
The humerus MNCN-69984 possesses fea-
tures contrasting with N. donnezani from Perpignan 
and even other specimens from Layna. It resembles 
those of  the material recovered from Perrier-Les 
Etouaires and attributed to N. megamastoides. For in-
stance, in cranial view, the distal articular surface of  
MNCN-69984 shows an enlarged trochlea, greatly 
expanded compared to the short capitulum, similar 
to N. megamastoides from Perrier-Les Etouaires and 
from Kvabebi and the extant N. procyonoides. On the 
contrary, in N. donnezani from Perpignan and Layna, 
the trochlea and capitulum are similar in height. In 
lateral view, the distal epiphysis of  the humerus of  
N. megamastoides is craniopalmarly more compressed 
compared to that of  N. donnezani. The same differ-
ence is visible in N. procyonoides and N. donnezani.
The log-ratio diagram in Fig. 7A compares 
the proportions of  the dental sample from Layna 
tentatively attributed to N. cf. megamastoides with 
those of  Eurasian samples. Although fragmentary, 
the pattern of  the Layna material in the graph clear-
ly follows that of  N. megamastoides, thus supporting 
the taxonomic attribution made on morphological 
ground. 
dIscussIons and conclusIons
The origin of  the genus Nyctereutes is still de-
bated and rather dubious. Its earliest occurrence is 
represented by the species N. tingi from the Ear-
ly Pliocene (correlable to MN14) localities of  the 
Yushe Basin (Tedford & Qiu 1991). Nevertheless, 
the ancestor of  this primitive Asian form is yet 
unknown. Another issue is the confusion regard-
ing the relationship between Nyctereutes and oth-
er canids. Tedford et al. (1995, 2009) suggested a 
close phylogenetic affinity between Nyctereutes and 
Cerdocyon Smith, 1839 because of  the retention of  
shared features like the presence of  a developed 
subangular lobe, the expansion of  the angular pro-
cess, the development of  the pterygoideus medialis 
scars on the lingual side of  the angular process and 
low-crowned canines. For this reason, they ascribed 
these two genera to the same subtribe Cerdocyoni-
na within the tribe Canini, and therefore deeming a 
closer affinity to Canis Linnaeus, 1758 than to Vulpes 
Frisch, 1775. On the contrary, several genetic anal-
yses (Wayne et al. 1997; Wayne & Ostrander 2007) 
grouped Nyctereutes within the tribe Vulpini, separat-
ed from the South American clade of  Canini (which 
includes Cerdocyon). In our opinion, the ancestor of  
raccoon-dog-like canids is a member of  Vulpini that 
spread into Eurasia from North America (center of  
origin of  the tribe Vulpini, see Tedford et al. 2009) 
at the end of  the Miocene and the morphologies 
shared by Cerdocyon and Nyctereutes are homoplasies 
resulting from convergent evolution to ecological 
adaptations. 
After the appearance of  N. tingi, the first re-
cord of  a derived form, N. sinensis, is reported from 
Early Pliocene Chinese sites of  the Yushe Basin 
(correlable to MN15). More or less contempora-
neously, in Western Europe N. donnezani appears in 
the fossil record, first in Perpignan and subsequent-
ly in Layna. The features described above confirm 
the rather primitive state of  this taxon, compara-
ble to that of  N. tingi. Nevertheless, Tedford & Qiu 
(1991), in their description of  N. tingi, pointed out 
some differences between the Chinese taxon and 
N. donnezani. Among these, there is the larger size, 
the presence of  incipient cristids connecting the hy-
poconid and the entoconid on m1, and the larger 
metaconule compared to the protoconule on M1. 
Other features used by the authors, e.g., the similar 
size of  paracone and metacone in the upper mo-
lars and the similar morphology of  the angular pro-
cess, need to be reconsidered since in N. donnezani 
the buccal cusps have different size (Fig. 3) and the 
angular process, in medial view, has different mor-
phology (Fig. 6). In fact, in N. tingi, the angular pro-
cess is rather thin and has the shape of  an elongated 
hook, whereas in N. donnezani it is enlarged and, to 
some extent, is morphologically closer to that of  
N. sinensis and N. megamastoides. Another difference 
between the Chinese and European taxa is that the 
record of  N. tingi in the Yushe Basin seems to be 
uninterrupted from the earliest Pliocene to ca. 3 
Ma, whereas N. donnezani has been described from 
few and sparse localities in Spain and France, ref-
erable to MN14 and MN15. These localities are La 
Gloria 4 (4.19 Ma; Domingo et al. 2013), Perpig-
nan (Serrat-d’en-Vacquer, ca. 4 Ma; Clauzon et al. 
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2015) and Layna (3.91 Ma; Domingo et al. 2013). A 
coeval record of  the genus comes from the Turk-
ish site of  Çalta (Ankara Province, North-Western 
Turkey), correlated to some MN15 European local-
ities (see among others Bernor & Sen 2017). The 
remains of  Nyctereutes from Çalta, which include 
two well-preserved crania ( MNHN.F.ACA291 and 
MNHN.F.ACA292 and some mandibular specimens 
(e.g., MNHN.F.ACA549 and MNHN.F.ACA294), 
were attributed to N. donnezani by Ginsburg (1998). 
Several cranial and dentognatic features support 
this attribution, e.g., the rostrocaudal elongation of  
the cranium in dorsal view (although the crania suf-
fered of  a certain degree of  lateral diagenetic com-
pression, considering the morphology of  the nasal 
area in dorsal view; this compression might result in 
an overall impression of  a prominent rostrocaudal 
elongation); and the morphology of  the subangu-
lar region, with no or poorly developed subangular 
lobe. Other characteristics, on the contrary, differ 
from the type material of  Perpignan and from that 
of  Layna. Unlike N. tingi, N. sinensis and N. vulpinus, 
the absence or the great reduction of  the frontal 
sinus, the reduced length of  the area caudal to the 
postorbital processes and the marked postorbital 
constriction are features similar to the condition 
observed in N. megamastoides from Villarroya and 
from Perrier-Les Etouaires. In tooth morphology, 
the shape of  the upper molars is intermediate be-
tween the buccolingually wide teeth of  N. tingi and 
the narrower ones of  derived species like N. sinensis 
or N. megamastoides; the cingulum that bounds the 
upper molar is better developed compared to that 
of  N. donnezani from Perpignan and Layna. The ma-
jority of  the recovered M1 (83%) possesses expand-
ed and cusp-like mesial cingulum. Furthermore, 
the M2 paracone is larger than the metacone like 
in N. megamastoides or N. vulpinus. It also possesses 
a large and prominent M2 metaconule connected 
by the postprotocrista to the protocone, unlike the 
specimens of  N. tingi or N. donnezani. The ventral 
margin of  the mandible is short rostrocaudally, and 
tend to be curved in contrast to the straight ventral 
margin of  the other Eurasian species of  Nyctereutes 
(e.g., N. sinensis, N. megamastoides). The presence of  
an evident cristid connecting the hypoconid and the 
entoconid on both the m1 (e.g., MNHN.F.ACA294 
and MNHN.F.ACA549; 75% the preserved m1) 
from Çalta is unusual for N. donnezani, N. tingi or 
N. sinensis whereas is common in N. megamastoides 
(see previous discussion). Moreover, the m1 metac-
onid of  Nyctereutes from Çalta is rather prominent 
compared to that of  N. donnezani from Perpignan 
and Layna, or even N. tingi and N. sinensis from Chi-
na; it resembles that of  N. megamastoides from e.g., 
from Dafnero or Kvabebi. In dental proportions, 
the sample from Çalta differs considerably from 
the Chinese species N. tingi and N. sinensis (Fig. 9A). 
More similarities can be found with the European 
taxa, especially with N. megamastoides, as shown in 
Fig. 9B. This mixed pattern of  features, with resem-
blance and difference with various Eurasian taxa, 
makes the original attribution at least doubtful. For 
the moment, we therefore prefer referring the sam-
ple of  Çalta as Nyctereutes sp.
In other localities of  Southeastern and East-
ern Europe, some scanty remains of  fossil rac-
coon-dogs with primitive features have been de-
scribed. Spassov (2003) reported N. cf. tingi from 
the Bulgarian site of  Varshets (referred to the St. 
Vallier Faunal Unit, MN17), while the remains from 
Megalo Emvolon (Greece; MN15) was ascribed 
to N. tingi (Koufos, 1997). If  the attributions were 
confirmed, these remains would extend the distri-
bution of  the Chinese species into Europe and, in 
the case of  Varshets material, also in time (from 3 
Ma to 2.2 Ma). The maxillary fragment recovered 
from Weze (Poland, MN15-16) originally described 
by Stach (1954) as Nyctereutes sp., was later referred 
to as N. aff. donnezani (Soria & Aguirre 1976) al-
though some of  the dental features of  the specimen 
(e.g., the M1 and M2 are rather shortened buccolin-
gually and these teeth tend to be quadrangular in 
occlusal shape; the M2 has a larger paracone com-
pared to the metacone) resemble more those of  N. 
megamastoides of  Perrier-Les Etouaires and Dafnero. 
A reinterpretation of  these fossils in the biogeo-
graphic framework of  the raccoon-dog evolution-
ary history would hopefully provide new evidence 
to solve some of  the above-mentioned issues.
Historically the appearance of  derived spe-
cies of  Nyctereutes in Western Europe, namely N. 
megamastoides, has been referred to the Late Plio-
cene, around 3 Ma (Bartolini Lucenti 2017) and no 
record of  co-occurrence of  primitive and derived 
taxa in European localities is reported in the liter-
ature. This contrast with the Eastern Asian record 
of  the Yushe Basin, in which N. tingi coexists with 
N. sinensis (Tedford & Qiu 1991). The recognition 
of  N. megamastoides within the sample of  Layna un-
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veils an unexpected ecological pattern in a Europe-
an site similar to the correspondent to the Chinese 
one. This discovery reveals that the earliest arrival 
of  N. megamastoides-like raccoon-dogs in Europe 
was much earlier than previously thought, around 
3.9 Ma (Domingo et al. 2013). Furthermore, it is 
remarkable that in dental morphology these spec-
imens resemble the younger N. megamastoides re-
covered from other European sites, e.g., Kvabebi, 
Lower Valdarno, Dafnero. The discovery of  the 
derived taxon N. megamastoides in such an early site 
forces us to reevaluate the paradigms of  dispersion 
and evolution of  this taxon and more in general 
of  all the Eurasian raccoon-dogs. For instance, the 
generally accepted hypothesis for the origin of  N. 
megamastoides, as the result of  anagenetic evolution 
from N. donnezani, seems less likely as the two ap-
peared more or less contemporarily and apparently 
coexisted in the Spanish site. The alleged homology 
between N. sinensis and N. megamastoides based on 
shared derived features and the view of  such species 
as a single taxon with a large paleobiogeographic 
range, favored by Tedford & Qiu (1991), could con-
trast with the scenario suggested by the discovery of  
N. megamastoides at Layna. With its peculiar derived 
morphology, the latter species probably evolved in 
Eurasia more or less contemporarily to and inde-
pendently from the N. sinensis lineage. Moreover, 
the characterizing cranial and dentognatic features 
of  N. sinensis remain stable throughout the Yushe 
Basin Pliocene succession. Morphometric and mor-
phological evidence might suggest a closer affinity 
between N. sinensis and N. vulpinus. This reinterpre-
tation of  the dispersal pattern and evolutionary his-
tory of  Pliocene species, allows us to reconsider the 
specimens from Çalta. Their size, the mosaic pat-
tern of  primitive and derived features, but different 
from N. donnezani and N. tingi, combined with the 
similarity in dental proportions to N. megamastoides, 
are elements that suggest the possible presence of  
an unknown lineage, parallel to that of  N. tingi-N. 
donnezani, and which eventually lead to the appear-
ance of  N. megamastoides in Eurasia. 
Thanks to the method of  the molar ratio in-
Fig. 9 - Log-ratio diagrams on se-
lected upper and lower teeth 
tooth variables in Nyctereutes 
from Çalta as compared to 
the extant N. procyonoides 
(used as the reference base-
line) and to N. tingi and N. 
sinensis (A) and to N. don-
nezani, N. vulpinus and N. 
megamastoides (B). The extant 
N. procyonoides is used as the 
reference baseline in both 
diagrams.
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dex, Asahara & Takai (2016) showed that Nyctereu-
tes spp. and sspp. possess a certain degree of  die-
tary plasticity. Based on this method applied to the 
considered sample, we calculated a new score for 
the species N. donnezani (m2/m1= 0.482), different 
from that known in literature (Fig. 10). The resulting 
mean score for N. donnezani (0.51) is slightly above 
the range of  variability of  the extant N. procyonoides 
viverrinus (Temminck, 1838) from Honshu (Japan), 
whereas it is higher than that of  N. tingi (0.48) and 
of  other living subspecies of  N. procyonoides. This 
suggests that N. donnezani, as well as N. tingi, had a 
diet comparable to that of  N. p. viverrinus (omnivo-
rous, see Asahara & Takai 2016), although it does 
not show such a set of  derived features in the man-
dible as extant raccoon-dogs. The mean molar ratio 
score of  N. vulpinus from St. Vallier (m2/m1=0.48) 
testify to different dietary preferences in compari-
son to N. megamastoides or N. sinensis. Indeed, in the 
French species, the subangular lobe is moderately 
developed but the dental morphology is suggestive 
of  a more carnivorous diet compared to taxa like 
N. megamastoides or N. sinensis, in which their dental 
dimensions and morphologies suggest slightly dif-
ferent diet adaptations.  Peculiar among the fossil 
species N. vulpinus may suggest similar niche occu-
pation.
The study of  the fossil record shows that the 
different Nyctereutes species have developed dentog-
natic features to progressively take advantage of  a 
great variety of  food items from the earlier species 
as N. tingi and N. donnezani to more recent ones as 
N. megamastoides and N. sinensis. The former possess 
characteristics suggestive of  meso- to hypocarniv-
orous diet. The latter, with shared or similar mor-
phologies to the extant N. procyonoides, show a shift 
in diet a hypocarnivorous diet. The enlargement 
and development of  the crushing parts of  teeth 
(both upper and lower) against slicing parts (see also 
Soria & Aguirre 1976; Tedford & Qiu 1991; Rook 
et al. 2017), the higher molar ratios (Fig. 10), etc. are 
all evidence of  this dietary specialization. It is not 
clear which of  the fossil species is the direct ances-
tor of  N. procyonoides (although some scholars deem 
N. sinensis as the most probable), it is clear that it 
retains derived mandibular and dental features typ-
ical of  this clade. Nevertheless, the morphological 
and morphometric evidence on this species and this 
subspecies (e.g., the molar ratio index or the elonga-
tion and buccolingual compression of  lower molars 
compared to some fossil taxa) suggests an inversion 
of  the trend towards an effective hypocarnivorous 
diet and that the spectrum of  dietary preferences 
widened toward a greater plasticity in their diet.
Fig. 10 - Biplot of  the m2/m1 scores against the m1 occlusal surface (in mm2) in various species and subspecies of  Nyctereutes (see Materials 
and Methods for details). Fossil species are represented by average values. Black circles represent extant taxa; the open circle represents 
Chinese fossil N. procyonoides-like forms from Zhoukoudian loc. 1 (Pei 1934) and Renzidong (Jin & Liu 2009) [n=7]; asterisk represents 
N. sinensis from the Yushe Basin (China) [n=22]; open square represents N. megamastoides (from Kvabebi,Georgia and Senéze, France) 
[n=5]; X represents N. vulpinus from St. Vallier (France) [n=8]; open triangle represents N. donnezani (from Perpignan, La Gloria 4 and 
Layna) [n=7]; plus represents N. tingi from Yushe Basin (China) [n=4]. Updated from Bartolini Lucenti (in press).
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In conclusion, the description of  the new rac-
coon-dog material recovered at Layna improves our 
knowledge on the primitive-like species N. donneza-
ni, thanks to the discovery of  a nearly complete al-
though damaged cranium (MNCN-63662) and sev-
eral postcranial elements. Furthermore, the study of  
this sample pointed out the presence of  few spec-
imens that do not show the diagnostic features of  
N. donnezani. The morphological and morphometric 
comparisons of  these fossils strongly support an af-
finity to the derived species N. megamastoides, and we 
therefore referred them to as N. cf. megamastoides. This 
represents the earliest known record of  a derived 
species in Western Europe, backdating its appear-
ance of  nearly one Ma. Surely, this record, combined 
with that of  Çalta, opens new questions regarding 
the origin of  derived species of  raccoon-dogs and 
has strong implications for our understanding of  the 
pattern of  evolution and dispersal of  these species 
around the Old World.
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